Epstein-Barr virus (EBV) is closely associated with several malignancies, including nasopharyngeal carcinoma. To investigate the EBV activity in tumor development, we tried to establish a malignant model of EBV-infected cells in nude mice. On the basis of the Maxi-EBV system, a human embryonic kidney epithelial cell line (293) with a low malignant potential was used for a stable EBV genome infection. The derived cell line, termed 293-EBV, exhibited obvious morphological transformation and significantly increased growth ability, with the cell cycle redistributed. The clonability and tumorigenicity were also substantially accelerated. In 293-EBV cells, the expression level of the transcription factor NF-kB and JNK2 were upregulated. The result suggested that latent membrane protein 1 (LMP1) was an important viral protein responsible for the enhanced malignant potential. Matured and budding virus particles were observed in tumor tissues, confirming the spontaneous reactivation of EBV from latent genome to lytic cycle at the site of tumor development. Primary culture of tumor tissues showed two patterns about the EBV maintenance or not in newly grown cells, and this was dependent on the thickness of the planted tissues. Moreover, the tumor cells lost EBV genome easily when subcultured at low density. Our findings revealed the cell-to-cell contact mechanism, which was required for the EBV maintenance in the tumor cells during the expansion of EBV-infected cells. This mechanism might give an explanation to the phenomenon that EBV genome in epithelial tumor cells becomes easily lost during subculture in vitro. Our results provided further evidence of a function for EBV in the etiology of tumor development.
Epstein-Barr virus (EBV) is a ubiquitous human gammaherpesvirus that is carried by a majority of human population as a lifelong latent infection. 1 EBV is also known to be closely associated with several malignancies, including Burkitt's lymphomas and nasopharyngeal carcinoma (NPC). 2, 3 The latter is a prevalent cancer in southern China and Southeast Asia. EBV that contains a large-sized genome of about 170 kb has two phases in its life cycle: latent and lytic stages. 4 During EBV latency, the copy number of viral DNA is maintained at a low level, with only a few genes expressed, and no virion is produced, whereas a mass of lytic genes occurs following reactivation of the lytic cycle and production of virus particles. 4, 5 The majority of EBV infection in vivo is latent. Almost all NPC cells contain EBV genome and express viral latent proteins such as latent membrane protein 1 (LMP1) and Epstein-Barr nuclear antigen 1 (EBNA1). 6, 7 LMP1 is an EBV oncoprotein that triggers multiple cell signaling events. 1, 4, 8 Because of the cancer association and particular life cycle, EBV becomes one of the most complex viruses. The interaction between this virus and epithelial cells has long been of special interest because of EBV's close association with NPC. However, the transformation and malignancy capacity of EBV is based largely on evidence from B lymphocyte. 1, 6, 9, 10 In epithelial cells, the mechanism of EBV pathogenesis is not well understood, as the availability of in vitro infection and transformation model has been quite limited. 11 Lack of malignant model of EBV stably infected epithelial cells has especially been a problem for the investigation. 12 Recently, EBV infected or growth-transformed epithelial cell lines have been established by using recombinant EBV expressing screening markers. 13, 14 However, the studies showed that EBV could not stably exist in human epithelial cells during passages. 14, 15 It seems that some factors such as epithelial cell environment go against EBV maintenance in the cell in vitro. Nevertheless, EBV has not been detected in normal epithelial cells or those adjacent to NPC, and the only examples of latent infection are those of carcinomas associated. 16, 17 This fact indicates that EBV is able to stably exist in epithelial tumor cells in vivo, and the occurrence of a latent infection is a substantial contributing factor to the development of carcinoma. Such situations prompt us to exploit a malignant model for investigating EBV infection and activity in epithelial cells.
On the basis of single gene genetics analysis, some EBV genes have been well documented, providing the clue for us to understand their functions in vivo. 1, 18 Studies have shown that multiple viral genes may be involved in the pathogenesis of EBV-associated tumors. 8, 19, 20 Therefore, further and comprehensive understanding may require studies in the context of the whole virus genome. 21 On the basis of Maxi-EBV system, it is now feasible to study EBV and its functions in the whole genome. 1, 21, 22 This system contains the complete EBV genome cloned onto a mini-F plasmid that carries selection markers in eukaryotic and Escherichia coli, as well as expression cassette for green fluorescent protein (GFP), which makes it convenient for the virus readout. By using this system, the EBV genome is able to be transfected into cells independent of entry through CD21, which is the EBV membrane receptor on human B-lymphocytes. 23 Earlier studies have implicated that it is difficult for non-tumorigenic epithelial cells with EBV-only infection to trigger the malignancy in nude mice. [13] [14] [15] In this study, for EBV genome transfection, we used a human embryonic kidney epithelial cell line (293) with a low malignant potential. The results highlighted the importance of EBV genome and its interaction with the cellular environment during the tumor development.
MATERIALS AND METHODS Cell Line and Plasmids
The human embryonic kidney epithelial cell line (293, ATCC origin) was preserved and propagated in our laboratory (Cancer Research Institute, Central South University). The cells were grown in Dulbecco's modified Eagle's medium (DMEM, Sigma) complemented with 10% fetal calf serum. The plasmid p2089 (Maxi-EBV) containing the complete EBV genome of B95-8 strain was kindly provided by Professor Dr W Hammerschmidt. 22 
Antibodies and Nude Mice
The LMP1 and EBNA1 proteins were detected with monoclonal antibodies produced by Dako Cytomation (USA) and Abcam (UK), respectively. For detection of proteins of cellular signal pathways, rabbit anti-c-Jun, c-Fos, JNK2 and mouse-anti-p53 (wild type), NF-kB(p65) were used. These antibodies were produced by Santa Cruz Biotechnology Inc. (USA). In immunofluorescence detection, the mouse monoclonal antibody to E-cadherin and rabbit to mouse IgG-H (Rhodamine) were produced by Abcam. SPF Balb/c nude mice of 4 weeks old were purchased from SLAC Laboratory Animal Co. Ltd (Shanghai, China). All animals were bred and maintained under strict sterilized environmental conditions.
Generation of the Cell Line Stably Transfected by the EBV Genome
The plasmid p2089 contained a mini-F factor, and carried expression cassettes for EGFP and selection markers, hygromycin (hyg) phosphotransferase for selection in eukaryotic cells and chloramphenicol acetyltransferase for selection in E. coli. 22 The plasmid was transfected into 293 cells, and hyg r -EGFP-EBV stably transfected cells, including single clones and pool clones, were screened according to the protocols. 22, 24 The pool clones containing at least 30 single clones from different wells were collected and mixed. The cell line from pool clones, designated 293-EBV, were amplified and used in this study. The 293-EBV cell line was then confirmed to support lytic cycle of EBV induced by the viral genes BZLF1 and BALF4 expressed from two plasmids transiently transfected into the cells as described. 24 The supernatants were used to infect B-cell line (Raji), 293 and the immortalized nasopharyngeal epithelial cell line (NP69). 25 GFP positive (GFP þ ) Raji cells were then determined by flow cytometry, allowing direct assessment of infectious EBVs' generation.
Cell Proliferation Assay
Cell proliferation was measured by two experiments, MTT and mitotic index analyses. For MTT analysis, the cells were cultured in 96-well plates at a density of 3 Â 10 3 cells/well in 200 ml of medium for 1, 2, 3, 4, 5, and 6 days, respectively. The cells were incubated with 20 ml of 5 mg/ml MTT (tetrazoliumsalt 3-[4,5-dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bromide) in complete medium for 4 h, and then were dissolved in dimethyl sulfoxide. Absorbance at 490 mm was measured by using an enzyme-linked immunosorbent assay plate reader (Sunrise remote, Tecan Austria GmbH). For the determination of cell mitotic index, 4.8 Â 10 4 cells were seeded onto a poly-Lysine-treated coverslip each in one well of a six-well plate. From the first to seventh day, the coverslips were washed slightly with PBS, fixed with formalin, stained with Giemsa, and then the mitotic cells in 1000 cells were counted manually. Each experiment was repeated for three times independently.
Cell Cycle Analysis
Cell cultures were plated in 10-cm dishes at 50% confluence and allowed to grow exponentially. The adherent cells were collected by trypsinization, pooled with the non-adherent cells, and washed with PBS before being fixed in 70% cold ethanol overnight at 41C. For the analysis, the cells were adjusted to a final density of 1 Â 10 6 cells/ml in PBS-containing RNase (1 mg/ml) and stained with 10 mg/ml propidium iodide (Roche Diagnostics, Switzerland) for 30 min at room temperature. The multiparameter analysis of 10 5 cells was performed on FACScan Flow Cytometer using CellQuest software (BD Biosciences, San Jose, CA, USA). The experiment was repeated thrice.
Colony Formation in Soft Agar
To evaluate the ability of individual cell lines to grow in an anchorage-independent manner, cells were plated in soft agar. In brief, a bottom layer was prepared using 3 ml of culture medium containing 0.5% agar and 10% fetal bovine serum, and then was placed in six-well plates and allowed to solidify. Cells were suspended in 50 ml of completed DMEM. Culture medium (2 ml) containing 0.3% agar was added to the cell suspension before seeding on the plates. The plates were examined twice per week till 30 days. The colonies were counted manually after 3 weeks. The experiment was repeated three times.
Tumor Formation in Nude Mice
Cells (2 Â 10 6 or 4 Â 10 6 ) in 0.2 ml growth medium were subcutaneously injected into BALB/c nude mice aged 4 weeks. The mice were monitored for the appearance and growth rate of tumors, and killed after 8 weeks. Cell growth medium and cell lysates with the same cell number primarily were used for negative control. The mice bearing tumors were detected fluorescence under the Animal Fluorescence Imaging System (Photometrics, USA). For histological examination and EBV detection, tumor tissues were dissected, fixed in 10% buffered formaldehyde, and embedded in paraffin. The fresh tissue specimens were observed for virus under a transmission electron microscopy (H-7500, Japan). To ensure the transcription of EBV genes, total RNA was extracted from the tumor tissue and the EBV-encoded LMP1 gene, including the whole ORF (about 1350 bp), was amplified by RT-PCR.
Western Blot and Southern Blot Analysis
Cells were harvested at 90% confluence and lysed. Cell extracts containing 50 mg of proteins were separated in 8-12% SDS-PAGE gels and electroblotted onto nitrocellulose membranes (Hyclone Laboratories, Logan, UT, USA). The membranes were blocked using Tris-buffered saline (25 mM Tris-HCl, 150 mM NaCl, pH 7.5, and 0.05% Tween 20), containing 5% non-fat milk followed by overnight incubation with primary antibodies at 41C. After three washes, antihorseradish peroxidase antibodies were added. The antib-actin antibody (Santa Cruz) was used as a loading control. For EBV genome DNA detection by Southern blot, cell gDNA were extracted using an easy nucleic acid isolation kit (Omega bio-tek, USA). Cellular DNA (10 mg) was digested with the restriction enzyme BamHI and separated by electrophoresis in 0.8% agarose gel, followed by transfer to positively nylon membrane (GE Healthcare, UK). The previously established plasmid BALF4/pcDNA3.1 24 was digested with BamHI and EcoRI, and the BALF4 segment was obtained for probe labeling. The probe labeling and blot detection were performed according to the instructions of a DIG high prime DNA labeling and detection starter kit (II) (Roche, Germany). Chemiluminescence analysis was performed under the Multil-imager system (Alpha Innotech Corp., USA).
In Situ Hybridization for EBV Detection
Oligonucleotide probe of EBER1 was digoxigenin-labeled at the 3 0 -terminal. Tumor specimens were formalin-fixed, paraffin-embedded, and sectioned. Fresh cell specimens were seeded onto coverslips. Tumor tissues were seeded and cultured for 11 days and the fresh cells were cultured for 30 h. The cells were then washed three times gently, fixed for 10 min in 10% PBS-buffered formaldehyde. EBV detection was performed by using an enhanced sensitive in situ hybridization (ISH) detection kit (Boster Inc., Wuhan, China) according to the manufacture's instructions.
Immunofluorescence
Immunofluorescence was performed for the detection of epithelial adherens junction protein E-cadherin. Fresh cell specimens were obtained as described above in ISH detection. The cells were treated with 0.25% triton X-100 for 10 min and washed with PBS, then the mouse monoclonal antibody to E-cadherin (1:50), which had species reactivity (it reacts with human, not with mouse and rabbit), was used and incubated overnight at 41C. After three washes with PBS, the coveslips were incubated with rabbit polyclonal antibody to mouse (Rodamine labeled) (1:600) for 2 h at room temperature and washed three times. Then they were treated with Hoechst (Beyotime Inc., Shanghai, China) for 5 min and washed.
Primary Culture of the Tumor Tissues and Subculture of the Tumor Cells Tumor tissues were taken from the nude mice under aseptic conditions, and rinsed for several minutes with D-Hank's solution. After being chopped finely, the tissues were put onto the bottom of culture coverslips or flasks in a small volume of growth medium, then the medium was refreshed every 1-2 days. After 10-13 days of culture in flask, the tissue and newly grown cells were trypsinized together, the cells (passage 1) were then subcultured. From the third passage, the cells were used for a comparison at different density levels. For high confluence culture, the cells of each passage were transferred at 1:2 ratios after becoming fully confluent, and for low confluence culture, the ratio was 1:10 (from 3 to 13 passages) or 1:20 (from passage 13 to 14). For each pas-sage, the cells were allowed to grow to full confluence in the same size flask (50 ml), and then they were used for the next passage.
Subline Isolation of the Tumor Cells and Their Identification
Cells from the primary culture of passage 5 were seeded in sixwell plates, each well containing 200 cells. After 24-30 days, the colonies with or without EGFP expressions (EGFP þ /À) were selected separately for amplification. To ensure each clone or cell line was derived from the 293 cells, the E1A gene of adenovirus C serotype 5 was amplified from cell gDNA by PCR. The primers were designed according to the sequence in GenBank (accession number, AY339865), producing an expected amplicon of 770 bp. The full-length LMP1 gene was also amplified from the cellular gDNA using about 0.2 mg in 1 ml input DNA. To identify the species of the cells from human or mouse, a mutiplex PCR-based assay was performed as described. 26 This new method generates size-specific amplicons by targeting the mitochondrial genome, capable of detecting a contamination of 1% cells. For human species, the amplicon size is 391 bp, and it is 150 bp for that of mouse species. All the cell sublines were assayed within 10 passages.
RESULTS

Establishment of the Cell Line Stably Transfected with EBV Genome
After 3-4 weeks of selection with hyg in the culture medium of the 293 cells, a derived cell line, termed 293-EBV, from pool clones stably transfected with p2089 was generated. Similar to earlier results, 25 the cell line expressed EGFP in 498% of cells by FACS analysis, and was confirmed to support lytic cycle of EBV. In normal culture and passage, the 293-EBV cells were grown in complete medium without application of hyg selection. The supernatant of the cells induced by lytic cycle was able to infect Raji cells with a positive ratio of about 28-30% determined by flow cytometry, whereas it failed to infect the 293 or NP69 epithelial cells. The cell line 293-EBV expressed EBV latent proteins, EBNA1 and LMP1 (Figure 1b) , similar to that in NPC that exhibits a type II EBV latency pattern. 18 The attributes of stable expression of EBV latent proteins with the ability to induce an active lytic cycle in the cell line showed that it was an adequate model system of latent EBV infection. Prior to special experiments such as proliferation and transformation assays, to ensure all cells being EGFP þ, the cells might be treated with hyg once for 2-3 days.
Effects of EBV Genome Infection on the Growth, Biologic Properties, and Signal Pathways of the Cells The cell line 293-EBV became partly multilayered and formed foci after they reached full confluence (Figure 2a) , whereas the 293 cells only grew till becoming a monolayer, not exhibiting this kind of morphological transformation. Compared with the 293 cells, the 293-EBV showed enhanced proliferation abilities in MTT and mitotic index assays (Figure 2b and c) , demonstrating that the EBV genome facilitated the cell growth and proliferation. Cell cycle analysis showed that the EBV-infected cells altered the cell cycle distribution, with the percentage of G1 phase cells significantly downregulated, and that of S phase increased (Figure 2d) .
Earlier gene expression analysis has shown that EBV-LMP1 activates several distinct signal transduction pathways such as the nuclear factor NF-kB and activator protein 1 (AP-1).
1,27-29 Activation of NF-kB is especially important for the increased proliferation of tumor cells. Rel A (p65) is the major component of NF-kB activated by LMP1. AP-1 is a dimeric complex that comprises members of the JUN (such as c-JUN) and FOS (such as c-FOS). 30 JNKs are c-JUN N-terminal kinases. 31 In this study, the effect of EBV infection on these two pathways and the tumor suppressor p53 were detected. As shown in Figure 3 , the expressions of NF-kB and JNK2 were effectively upregulated. For the AP-1 pathway, c-Jun and c-Fos were downregulated. The expression of wild-type p53 was reduced in the 293-EBV cells.
Alteration of Transformation Phenotype in the EBVInfected Cell Line
To explore the effect of EBV genome infection on the transformation phenotype of the cells, two types of experiments were designed. These experiments were colony formation in soft agar and tumor formation in nude mice. As shown in Figure 4 shown) and larger colonies (Figure 4c ) formed for the 293-EBV cells, whereas there was no effect on the 293 cells. The colonies formed by the 293 cells did not grow any longer after 21 days, whereas colonies formed by the 293-EBV continued to grow and express EGFP until the last observation at day 30.
In the second type of experiment, the result showed that the 293-EBV cells formed tumors at the site of inoculation in nude mice (4/6, Figure 5a ; Table 1 ), whereas the 293 cell line did not form any (Table 1) at the same cell dose (2 Â 10 6 / mice). At doubled number of cells (4 Â 10 6 /mice), the 293-EBV cells formed tumors earlier and at a higher ratio (5/5, Table 1 ). The result also showed that more than a mean of tripled weight of tumors formed when twofold of cells were used, demonstrating dose dependence as shown in the colony detection. The 293 cells exhibited a low malignant potential in nude mice at the given cell number of 4 Â 10 6 /mice (1/5 formed a tumor after 42 days; Figure 5b ; Table 1 ). The tumor tissues were made into paraffin sections, and histopathological examination of hematoxylin-eosin staining showed all the tumor tissues derived from the cell lines with undifferentiated carcinoma (293-EBV) or poorly differentiated carcinoma (293) (Figure 5b ).
EBV Activity in Tumor Tissues
Tumor samples in paraffin sections were undertaken EBER1 detection by ISH, which is the gold standard for EBV detection. The result showed that the EBV small RNA presented in all the nucleus of tumor cells from 293-EBV, with the exception of some small areas composed of a few cells (Figure 6a ). In the detection under transmission electron microscopy, a number of pre-matured virus particles were observed in nucleus of the tumor cells from the 293-EBV cells (Figure 6bA ). In some individual cells, matured virions were found in cytoplasm, and a budding virion was observed as indicated in Figure 6bB .
EBV Maintenance or not in Tumor Cells during Primary Culture
In primary culture of the tumor tissues, the cells grew in two clear-cut patterns by the thickness of the seeded tissues and whether the cells on the tissue rim was able to grow directly or not. For a relatively thick tissue piece, the newly grown cells usually had to be released to the out rim. For a cluster of tissue cells or the thin tissues, which might have been scattered onto the flask bottom during being seeded, they grew directly after adhering to the flask wall. Equally to the growing patterns, two patterns about EBV footprint in the cells were also observed. Outwards the thick tissue rim, the newly grown cells completely lost EGFP signal starting from the early released cells till they reached full confluence ( Figure  7a ). However, all the directly grown cells and their daughter cells sustained EGFP expression (Figure 7b ). The loss of EGFP signal indicated a potential loss of EBV genome from the tumor cells, and the ISH detection confirmed it ( Figure  7c and d) . In primary culture, the cells showed some changes in morphology with increased proportion of fibroblast-like cells growing at low density. They would grow back to normal morphology as that of the 293 when all of them were digested together and distributed homogeneously, being provided a normal culture condition. Immunofluorescence analysis of human E-cadherin showed that almost all the cells Cells were injected subcutaneously. Tumors developed at the site of injection and were about 2 mm in diameter when first detected by palpation. Promoted malignant potential induced by EBV J-H Lu et al from primary cells were human species (negative for no more than 1% cells that were probably mouse-origin) (Figure 8a  and b) . Further experiments by the multiplex PCR of cell species identification confirmed that these EGFPÀ cells were from human species, and contained the E1A gene as the 293 cells did, but no longer contained the EBV-LMP1 gene ( Figure 9 ). To detect mouse species cells that might come from the mouse stromal cells, cells of different passage from several primary outgrowths were detected by multiplex PCR with a reduced primer annealing temperature (from 55 to 501C) for the purpose of increasing the reaction sensitivity, and the result showed that mouse-origin cells might possibly exist in the mixture cells at 1-3 passages, at most 5 passages.
EBV Maintenance or not in Tumor Cells during Subculture
The result of tissue primary culture suggested that the expansion of EBV þ cells might probably need cell-to-cell contact, and then the density in subculture might have effect on the EBV þ cell expansion. As shown in Figure 10b , when cultured at low density, the tumor cells lost EBV genome easily. Clustered cells exhibiting the loss of EBV readout was easily observed when cultured at low confluence ( Figure 10bC ). The EGFPÀ cells were able to grow till becoming confluent and their daughter cells no longer showed EGFP signal. Whereas the cells cultured at high density did not show obvious decrease in the percentage of EGFP þ cells within 20 passages. In subline isolation, for each well, 450 clones including EGFP þ and EGFPÀ ones could be obtained. Species identification by multiplex PCR showed all the sublines were human-origin, and they were all 293-origin by E1A gene detection (Figure 9b and 9c) . As only a very small fraction of non-human cells existed in the primary mixture cells and the mouse-species cells could only be subcultured for a limited passages (2-5 passages), it could be also deduced that the EBVÀ cells that were capable of multiple passages were 293-origin. The EBV detection by ISH confirmed the observations that EGFP expression represented the existence of EBV genome in the cells (Figure 9d ).
DISCUSSION
EBV is documented as the important etiologic agent of epithelial-origin cancer such as NPC. However, how the malignancy develops and how EBV acts in the pathogenesis are still unclear. 1, 10 It is essential to study the virus and its interaction with host cells in the context of the complete viral genome. The difficulty previously lied in several aspects of problem, including lack of suitable system for manipulating genes in the large EBV genome and establishing an EBVinfected malignant epithelial model. 18, 21 The establishment of infectious cloning technique based on bacterial artificial chromosomes has opened the way of genetic analysis of hepesviruses such as EBV. 21, 22, 32 This technique also allows the viral genome to be transfected into cells directly without penetrating through the membrane receptor CD21, which is minimal on epithelial cells.
11 By using this technique on the basis of the Maxi-EBV system, we established the EBV genome-infected cell line derived from human embryonic kidney epithelial cells (293). Because of the absence or minimal expression of CD21 molecule on epithelial 293 and NP69 cells, the virus produced from the 293-EBV cells failed to infect these epithelial cell lines directly.
To investigate the contributions of EBV to NPC development, especially the EBV activity in tumor development, the establishment of EBV induced or enhanced neoplastic transformation in human epithelial cells is critical. However, there has been no in vitro evidence that EBV infection directly induces tumor formation of epithelial cells in an animal model. It seems somewhat difficult for EBV-infection-only in normal or immortalized epithelial cells to trigger malignancy in a nude mice model. The cell line, 293, may exhibit tumorigenicity diversification in nude mice because of multiple passages. 33 This property makes it possible for this cell line to be used as a model to express cancer-associated genes for the purpose of oncogenic potential or anti-tumor studies. 34, 35 In this study, EBV genome infection in EBV-negative 293 cells resulted in obvious increase of cell proliferation. In terms of the clonability and tumorigenicity, the results showed the transformation ability of the 293-EBV cell line was elevated significantly. The results also indicated that EBV enhanced the malignant potential of epithelial cells in a dose-dependent manner. To ensure that the resistance selection did not change the cellular biological properties, a hyg rÀ 293-cell line stably transfected with the plasmid pTRE2hyg (Clontech) was also established, and this cell line did not exhibit increased proliferation and tumorigenicity (data not shown). In the Maxi-EBV system, the EBV genome of 172 kb carries a mini-F factor and expression cassettes for EGFP and selection markers of about 10 kb. From current reports on this similar system, 13, 36, 37 there has been no evidence that the additional 10 kb of cassettes may bring impacts on the EBV genome function. In addition, other results in this study implied that EBV-encoded LMP1 was one of the important viral components responsible for the phenotype changes (see below). Therefore, it appeared unlikely that the increased malignant potential of the 293-EBV might be brought about by the adjunct. Nevertheless, this is to be verified in our further studies. This model provided data of EBV-enhanced proliferation and transformation both in vitro and in vivo. It could probably be exploited for further studies, including EBV gene function, anti-EBV therapy of tumor, and more EBV activities in tumor development.
The result showed that EBV genome latent infection activated NF-kB and JNK2 pathways (Figure 3 ). Both are involved in the main pathways activated by the oncoprotein, LMP1, and they are important for increased cell growth ability induced by LMP1. 27, 28 The alteration of these pathways and their cross-talk are involved in the disorder at G1/S check-point, 38 resulting in the redistribution of cell cycle as our results showed (Figure 2d ). Among the latent proteins of EBV, LMP1 is the only one that can transform non-lymphoid cells, such as fibroblasts. 1, 39 Our results suggested that LMP1 in the whole EBV genome was probably one of the important factors responsible for the enhancement of cell growth and tumorigenicity by the infection of the whole EBV genome. In the cellular gene expression, the c-Jun and c-Fos were downregulated. This was a conflict with some reports about LMP1 regulation, 27, 28 while was is in line with the report about LMP1 mutants. 40 This inconsistence was possibly due to the use of different experimental system. Serological studies on Burkitts's lymphoma and NPC have shown that elevated antibody titers against EBV lytic antigens may correlate with advanced cancer stages, poor prognoses, or poor tumor therapy. 6, 9, 41, 42 Some clues have indirectly indicated that EBV reactivation into lytic cycle may occur during tumor development. 43, 44 In our study, matured and budding virions were observed, directly confirming that EBV reactivation occurred spontaneously from latent genome to viral production in some cells at the site of tumor development. The released virions might help the viral reinfection and effective persistence in peripheral circulation by B-cell survival mechanism. 9 Several treatments have been reported to increase the proportion of EBV-infected B cells entering lytic cycle in vitro. [45] [46] [47] The chemical, 12-O-tretradecanoylphorbol 13-acetate, a known inducer of the EBV lytic cycle, is able to promote the transformation ability of EBV-infected non-tumorigenic 293 cells. 15 Taken together with our results, it suggests that spontaneous entry into lytic cycle for EBVinfected cells with or without cofactors corresponds to low or high transformation potential of the cells. Therefore, it should be reiterated that EBV lytic cycle is an important stage, serving as a risk factor in cancer development.
In the Maxi-EBV system, the tagged fluorescence expression provided a convenient aid to observe the viral footprint. 21, 22, 37, 48 As the results of tumor primary culture showed, EBV-infected cells with EGFP expression were EBV þ. Detection of EBER1 by ISH (Figures 7 and 10 ), LMP1 by PCR (Figure 9b ) or immunochemistry staining (data not shown), and other proteins such as EBNA1 48 confirmed the observation. The cells gradually released from the tumor tissues and the progeny cells no longer contained EBV genome. On the other hand, those daughter cells of the EBV-infected clustered cells (cultured under the same conditions in the same flask) retained the EBV genome efficiently. These two patterns implied that cell-to-cell contact was required for EBV's maintenance in the EBV þ epithelial cells during expansion, and the result of the tumor cell subculture conformed to it. Cell-to-cell contact is also necessary for EBV infection from B lymphocyte to epithelial cells by the CD21-independent route. 49 In NPC, EBV gene products can be detected frequently, 6, 7, 17, 44 and all the cells are EBV-positive in some biopsies. 17, 50 Detailed detections show that the cells in the periphery of the main tumor and all cells in the daughter nodules are easy to be found EBV-positive. 51 The monoclonality of the viral DNA also indicates that the malignancy has arisen from clonal expansion of EBV-infected progenitor cell(s). 50, 52 Thus, it seems that EBV-infected cells are also tufted in NPC tumor tissues, and the mechanism of cell-tocell contact might help us to understand the virus infection and clonal expansion in EBV's association with NPC. It is commonly observed and of interest that EBV-infected NPC or epithelial cells gradually lose EBV genome during passages in vitro.
14,51,53 Our findings showed that EBV lost from the cells owing to the loss of cell-to-cell contact mechanism when subcultured at low density. Once they lost cell-to-cell contact, the EBV genome could be eliminated from the cell, yet the EBV-negative cell had the ability of proliferation. The cells usually retained the EBV genome efficiently at high density (Figure 8c ). However, it is mentionable that under some conditions such as poor cryopresevation, the cell survival rate of resuscitation may become too low, and the low cell density would still lead to easy loss of EBV genome (data not shown). It has been shown that the loss of EBV from NPC cells leads to the loss or reduction of tumorigenicity, and the reintroduction of EBV enhances the tumorigenicity. 51 The observation indicates that the maintenance of EBV is important for the oncogenic activity of the infected cells. On the other hand, EBV might be driven away easily from the host cells. This state of affairs reflects the interaction between the virus and the host cell.
